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AdaptableThis paper reports the design, simulation and characterization of adaptable band pass filter, planar micro-
strip antenna and filtenna for GPS and ITS (intelligent transportation systems) applications. The designed
microstrip slotted antenna has a 300 MHz of measured bandwidth and 5.7 dBi of measured gain, which is
sufficient to cover the ITS band (5.85–5.925 GHz). On the other hand, the developed filtenna operates in
dedicated ITS band at 5.9 GHz and have 1.5 dBi of measured antenna gain. The reduction in filtenna gain
is due to the additional insertion loss introduced by the hairpin bandpass filter incorporated in the feed of
the proposed filtenna. Two adaptable bandpass filters have also been designed for GPS applications. First
tunable filter operates at 1575 MHz (GPS L1 frequency) while rejects 1227 MHz frequency (GPS L2 fre-
quency band). The (measured) return loss of the filter is better than 20 dB from 1.5 GHz to 1.6 GHz; while
insertion loss at 1575 MHz is 5.5 dB. Second tunable filter has been designed to cover both 1575 MHz
(L1 frequency band) as well as 1227 MHz frequency ranges (L2 frequency band). The return loss (mea-
sured) of this filter is better than 10 dB from 1.15 GHz to 2.15 GHz, and insertion loss is 5.5 dB. The
developed sub-systems can be used to build a low cost RF transceiver system for GPS and ITS
applications.
 2016 Karabuk University. Publishing services by Elsevier B.V. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Vehicle location and tracking is one of the main challenges for
the development of intelligent transportation systems (ITS). It
requires transmission of traveling information from moving vehi-
cles in order to improve safety and reduce the environmental
impacts. The use of Radio Frequency (RF) technologies improves
the mobility, productivity and transportation safety. A dedicated
frequency band centered at 5.9 GHz with 75 MHz bandwidth has
been allotted for ITS applications. Development of RF subsystems
to implement intelligent transportation system is challenging task
due to the presence of WLAN band at 5.8 GHz (5.7–5.85 GHz).
Many RF subsystems such as RF oscillators, amplifiers, mixers,
power dividers, filters and antennas etc. are required to design
and develop RF systems that are suitable for ITS applications. The
number of subsystems can be reduced, if we can combine two or
more than two functional blocks of the RF front end used in the
intelligent transportation system. This will reduce the size and
improve the overall system SNR (signal to noise ratio). RF front
end blocks such as filter and antenna can be combined to have asingle subsystem known as ‘‘filtering antenna” or ‘‘Filtenna”. Intro-
ducing tunability will enhance the system capability in handling
any desired or undesired variations in frequency. Reconfigurable
RF filters have been extensively studied for their applications in
cognitive radio and software defined radio. Reconfigurable filters
provide multistandard and multiband response with more degrees
of freedom at user end needed in vehicular applications as well.
In this paper, we are discussing the issues related to the design,
analysis and development of multifunctional RF front end subsys-
tems such as filtenna along with adaptable band pass filters and
planar microstrip antenna. The Section 2 of this paper describes lit-
erature review related to the design of these subsystems; while
Section 3 of the paper describes the design of band pass filters.
The Section 4 of the paper describes the design of the proposed
slotted patch antenna; while the design of filtering antenna has
been discussed in Section 5. The conclusions have been given in
Section 6 of this paper.2. Literature review
Extensive literature covering different aspects of band pass fil-
ter design is available [1–12]. A review of bandpass filter designs
using microstrip resonator has been presented [1]. Advanced RF/
Microwave filters are described in [2]. The design of low complex-
ity sharp transition width modified discrete fourier transform
1816 S. Tripathi et al. / Engineering Science and Technology, an International Journal 19 (2016) 1815–1825(MDFT) filter banks has been reported in [3]. A state-of-art review
of design of hardware efficient FIR filter has been presented [4].
Interference rejection in BPF for GPS applications using RF
MEMS-enabled adaptable notches, and hairpin shape resonator
based dual-band band pass filter designed for WLAN and GPS
applications have been reported in [5,6]. A meandering stepped
impedance resonators based dual-band BPF has been reported in
[7]. Another dual band tunable bandpass filter has been discussed
in [8]. The reported insertion loss [8] in measured response is
slightly high because of use of varactor diodes as the tuning ele-
ment. An asymmetrical coupled line based dual-band bandpass fil-
ter design has been reported in 9]. High temperature
superconducting BPFs using stubs-loaded three-mode resonator
has been reported in [10]. A method for the design and efficient
implementation of multiplier-less FIR digital filters with continu-
ously variable bandwidth and fractional delay has been reported
in [11]. A cosine modulated filter bank for cognitive radio applica-
tions has been reported in [12].
A coplanar microstrip antenna for both intelligent transporta-
tion system (ITS) and global positioning system (GPS) applications
has been reported [13]. A low profile dual-feed dual-band antenna
has been reported in [14]. A slotted UWB monopole antenna with
single port and double ports for dual polarization having a large
impedance bandwidth and isolation around 15 dB over band has
been given in [15]. Modeling and performance optimization of
automated antenna alignment for telecommunication transceivers
is discussed in [16]. A defected ground based antenna and antenna
array for multi-band operation has been discussed in [17]. The
application of multi-antenna and broadband communication in
ITS is described in [18]. A planar slotted microstrip patch antenna
suitable for DSRC applications has been designed and characterized
in [19]. A broadband artificial material based antenna with high
gain is presented in [20]. The design of a cavity-backed broadband
antenna with circular polarization is reported in [21]. A circular
polarization antenna using artificial magnetic conductor has been
described in [22]. A multiple-input–multiple-output (MIMO) sys-
tem based on polarization diversity and its antenna system has
been reported in [23]. A microstrip rectangular antenna for
triple-band application in ITS is presented [24]. A phased array
microstrip antenna at 5.88 GHz for detection of blind spot area in
a vehicle is presented [25]. The author analyzed the resonance fre-
quencies vs. notch width for an inset feed in [26]. A small printed
urn-shape triple band-notch ultra-wideband (UWB) monopole
antenna with multiple wireless applications is described in [27].
A compact, Ultra Wideband (UWB) antenna system for MIMO/di-
versity application is reported in [28]. A miniaturized microstrip
patch antenna array using DGS technique has been described
[29]. The description of antenna theory and design has been pro-
vided in [30–31].
A filtering wideband antenna using metasurface (MS) is
reported in [32]. It has low profile, high gain and high selectivity.
A review on reconfigurable integrated filter and antenna has been
presented in [33]. Two novel, compact and simple harmonic rejec-
tion CPW-fed planar antennas for a 5.8 GHz wideband filtering
antenna (filtenna)/rectifying antenna (rectenna) have been pre-
sented in [34]. A linearly polarized omni directional planar filtenna
is reported for Ku-band applications in [35]. A new compact multi
resonance H-slot filtenna is reported in [36]. An integrated mil-
limeter wave filtenna is proposed for Q-band indoor short range
wireless communications (IEEE802.11aj) in [37]. The design of
active array filtenna for radar applications are proposed in [38]. A
defected ground structure based filtenna having dual frequency
has been reported in [39]. A novel ultra-wideband compact filtenna
has been presented in [40]. A filtenna consisting of horn antenna
and SIW cavity has been reported in [41]. Use of filter synthesis
approach in filtering antenna design has been reported in [42].3. Design of Band pass filter
3.1. Parallel coupled stepped-impedance resonator based adaptable
Band pass filter
The flow chart of CAD based design and analysis of passive RF
integrated circuit elements (e.g. transmission lines, filters, diplexer,
coupler, and antenna) has been shown in Fig. 1; while the general
synthesis procedures for the design of band pass filter is given in
Fig. 2. The detailed explanation of filter synthesis procedure for a
desired filter specification has been provided in [2].
Eqs. (1) and (2) are useful in designing RF/Microwave bandpass
filter using low pass filter prototype method. Using frequency
transformation described by (1); the frequency response specifica-
tions are transformed into low pass filter (LPF) prototype with a
specification of cut off frequency of xc = 1 rad/s. A 5th order nor-
malized LPF prototype has been synthesized as ladder network.
Its elements values are g1, g2, g3, g4, g5 and they can be computed
using (2).
Here, it can be noted that g1 is capacitor, g2 is inductor, g3 is
capacitor, g4 is inductor and g5 is capacitor (shown in Fig. 2). The
g values are ‘‘the roots of polynomial representing power loss ratio
of the filter”. The values up to the order n = 10 is given in Table 1.
In the present work, band pass filter has been designed and
implemented using the method discussed above. Normalized ele-
ments values for nth order low pass filter prototype are:
g0 ¼ g4 ¼ 1; g1 ¼ 2  a1=c; gk ¼ 4  ðak1akÞ=ðbk1gk1Þ; k
¼ 2;3 . . .n;
c ¼ sinhðb=2nÞ; ak ¼ sinðð2k 1Þ  p=2nÞ; k ¼ 2;3; . . .n
bk ¼ c2 þ sin2ðk  p=nÞ; k ¼ 2;3 . . .n; b
¼ ln½cothðLaðdBÞ=17:37Þ ð1Þ
Equations for low pass to band pass frequency transformation
for designing BPF is provided in (2).
x ¼> ðx0=DxÞðx=x0 x0=xÞ;x0 ¼ px1 x2;Dx
¼ x1 x2: ð2Þ3.1.1. Geometry and design of band pass filter
Tunable band pass filters have been designed in microstrip
technology: Substrate thickness (H) = 1.524 mm, єr = 3.38,
tand = 0.0025. Varactor diode, SMV1232-079LF (Skyworks’ incor-
poration) has been used as the tuning element to realize adaptable
bandpass filter response. Fig. 3(a) shows the adaptable bandpass
filter when the tuning element is attached at the inter-resonator
coupling. The microstrip parallel-coupled SIR based bandpass filter,
as shown in Fig. 3(a), is designed to operate at GPS frequency of
1575 MHz (L1 frequency) while rejecting the GPS frequency of
1227 MHz (L2 frequency). In the adaptable bandpass filter, shown
in Fig. 3(a), center frequency is tunable but fractional bandwidth is
constant. The measured center frequency tunability range is
1.5 GHz to 1.6 GHz. The capacitance of the varactor diode is vary-
ing when the dc voltage is applied across its terminals. The center
frequency is tuning when applied varactor bias voltage is varying
(i.e. varactor capacitance is changing). The bandpass filter is oper-
ating at L1 GPS frequency of 1575 MHz while rejecting the L2 GPS
frequency of 1227 MHz. The values for port impedances i.e. Z0,
coupling width i.e. WC, coupled-line length i.e. LC, interstage
coupled-line length i.e. LC1, coupled-line spacing i.e. S, interstage
coupled-line spacing i.e. S1, single line width i.e. WS, single line
length i.e. LS, and taper length i.e. LT, are selected to get the
response at the desired bands. The selected values of LT, WC, LC,
Fig. 1. Flow chart of CAD Based passive RF circuit design approach.
Fig. 2. Steps used in the design of 5th order band pass filter.
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0.3 mm, 1.5 mm, 20 mm, 10 mm and 1 mm, respectively. Fig. 3(b)
shows the adaptable bandpass filter when the tuning element is
attached at input/output port tapping. For biasing the tuning ele-
ment, a 1000-O resistor and a 100-nH choke is used in the biasing
network. For blocking the dc voltage, two blocking capacitors of
10-nF is used in the biasing network. The microstrip parallel-
coupled SIR based bandpass filter, as shown in Fig. 3(b), is designed
to operate at both dedicated GPS frequency of 1575 MHz (L1 fre-
quency) and GPS frequency of 1227 MHz (L2 frequency). It is pro-
viding a wideband response covering both the dedicated GPS
frequencies (L1 & L2). In the adaptable bandpass filter, shown inFig. 3(b), 10-dB bandwidth is tunable with a measured bandwidth
range of 1000 MHz to 1500 MHz when the applied dc bias voltages
across the varactor diode is changing. Chosen values for LT, WC, LC,
S, WS, LS, LC1 and S1 are 2.5 mm, 2.16 mm, 23.25 mm, 0.31 mm,
1.19 mm, 23.78 mm, 10.19 mm and 1.09 mm, respectively.
3.1.2. Experimental characterization of the designed filter
GPS filters are very useful in vehicular communications as it
provide frequency selection at GPS frequency bands. Two frequen-
cies are utilized in GPS design, one at 1575.42 MHz (L1 frequency)
and a second at 1227.60 MHz (L2 frequency). The proposed band-
pass filter, as shown in Fig. 3(a), is designed to operate at GPS fre-
Table 1
Elements values for Equal-Ripple Low pass Filter prototypes (g0 = 1, xc = 1, N = 1–10, 0.5 dB and ripple).
Normalized Element Values for Low pass Filter Prototype (Chebyshev response with 0.5 dB ripple)
Filter order(N) g1 g2 g3 g4 g5 g6 g7 g8 g9 g10 g11
1 1.0000
2 0.7071 1.9841
3 1.5963 1.0967 1.5963 1.0000
4 1.6703 1.1926 2.3661 0.8419 1.9841
5 1.7058 1.2296 2.5408 1.2296 1.7058 1.0000
6 1.7254 1.2583 2.6064 1.3137 2.4758 0.8696 1.9841
7 1.7372 1.2647 2.6381 1.3444 2.6381 1.2583 1.7372 1.0000
8 1.7451 1.2647 2.6564 1.3590 2.6964 1.3389 2.5093 0.8796 1.9841
9 1.7504 1.2690 2.6678 1.3673 2.7239 1.3673 2.6678 1.2690 1.7504 1.0000
10 1.7543 1.2721 2.6754 1.3725 2.7392 1.3806 2.7231 1.3485 2.5239 0.8842 1.9841
Fig. 3. (a) Schematic structure (left) & Fabricated prototype (right) of adaptable bandpass filter when tuning diode is attached at inter-resonators coupling (b) Schematic
structure (left) & Fabricated prototype (right) of adaptable bandpass filter when tuning diode is attached at port tapping.
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quency of 1227 MHz (L2 frequency). In the adaptable bandpass fil-
ter, shown in Fig. 3(a), center frequency is tunable but fractional
bandwidth is constant. Return loss and insertion loss for various
values of varactor capacitances of the proposed GPS bandpass filter
I of Fig. 3(a) is shown in Fig. 4. The measured return loss is better
than 20 dB for a frequency range of 1.5–1.6 GHz. The insertion
loss at L1 GPS frequency of 1575 MHz is 5.5 dB. The measured
center frequency tunability range is 1.5–1.6 GHz. The bandpass fil-
ter is operating at L1 GPS frequency of 1575 MHz while rejecting
the L2 GPS frequency of 1227 MHz. The proposed bandpass filter,
as shown in Fig. 3(b), is designed to operate at both dedicated
GPS frequency of 1575 MHz (L1 frequency) and GPS frequency of
1227 MHz (L2 frequency). Return loss and insertion loss for various
values of varactor capacitances of the proposed GPS bandpass filter
II are shown in Fig. 5. It is providing a wideband response covering
both the dedicated GPS frequencies (L1 & L2). In the adaptable
bandpass filter, shown in Fig. 3(b), 10-dB bandwidth is tunable
with a measured bandwidth range of 1000–1500 MHz when the
varactor diode’s capacitances are varying. The measured return
loss is better than 10 dB for a frequency range of 1.15–
2.15 GHz, for various varactor capacitance values i.e. 0.72 pF to
4.15 PF. The insertion losses at both GPS frequencies of
1227 MHz and 1575 MHz are about 5.5 dB.3.2. Design of Hair-pin Band Pass Filter
3.2.1. The Geometry, design and Simulated characteristics
Hairpin-line band pass filters are essentially ‘‘U” Shaped res-
onator. The input and output resonators are slightly shortened toinclude the effect of the tapping line and the adjacent coupled res-
onators. However, to fold the parallel-coupled, half-wavelength
resonator, it is necessary to consider the effect of shortening the
coupled-line lengths which minimizes the coupling between res-
onators [2]. We design a microstrip hairpin band pass filter with
fractional bandwidth of 10% or FBW = 0.1 at mid- frequency of
5.9-GHz. The proposed filter structure is shown in Fig. 6. In our
proposed hair-pin filter design, Chebyshev low pass prototype with
pass band ripple of 0.1 db is selected. The low pass prototype
parameter given for a normalized low pass cutoff frequency
Xc = 1 are g0 = g6 = 1.0, g1 = g5 = 1.3712, g2 = g4 = 1.1468 and
g3 = 1.9750.
The external quality factors of the resonators at the input and
output port are:Qe1 ¼
g0g1
FBW
Qen ¼
gngnþ1
FBW
ð3Þ
And the coupling coefficients between the adjacent resonators
are:Mi;iþ1 ¼ FBWﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃgigiþ1
p for i ¼ 1 to n 1 ð4Þ
Among planar filters, hairpin line filters have the advantages of
reduced size as compared to parallel coupled-line structures [2].
Their size can further be reduced by folding the arms of resonator,
thus making a double-fold hair pin line structure [2].
Fig. 4. (a) Measured reflection coefficient, |S11| (in dB) (b) Transmission coefficient, |S21| (in dB) of adaptable bandpass filter when tuning diode is incorporated at inter-
resonator CSIR (coupled stepped-impedance resonator) coupling.
Fig. 5. (a) Measured reflection coefficient, |S11| (in dB) (b) Transmission coefficient, |S21| (in dB) of adaptable bandpass filter when tuning diode is incorporated at Input/
output port tapping.
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4.1. Geometry and design
The proposed microstrip slotted patch antenna consists of four
parts: patch, ground plane, substrate, and the feeding mechanism.
The use of microstrip circular patch structures has the benefits like
ease of analysis, effective radiation characteristics and low cross-
polarization radiation [22]. The most popular feeding techniques
are the microstrip-line-feed, coaxial-probe-feed, coplanar waveg-
uide (CPW) feed, aperture coupling, proximity coupled feed [23].
In our paper, we have selected microstrip inset feed technique
[26]. Fig. 7 shows the geometry of the proposed antenna, where
the two notches (small slots) are located symmetrically from the
vertical center line of the patch. The dimensions of the different
design parameters are calculated using the procedure discussed
below and the final values of various design parameters are
selected through parametric simulation technique available in
the HFSS simulation engine. The final dimensions of the different
parameters are provided in Table 2. We adopt the design strategy
of keeping the return loss minimum at the resonant frequencies
and striving to achieve better than 20 dB of return loss over the
required impedance bandwidth. The design procedure for calculat-ing the design parameters of inset fed rectangular microstrip patch
antenna is described in [26]. The design parameter for the pro-
posed inset fed circular microstrip patch antenna is obtained con-
sidering the structure of the patch as circular. The additional effect
of etching two symmetrical small rectangular slots/notches has
been analyzed using parametric simulation option available in
HFSS full wave simulation tool. From the specified operating fre-
quency, a suitable substrate with permittivity 2r and thickness h
has been selected using Eq. (5).
hP 0:06
kairﬃﬃﬃﬃﬃ2rp ð5Þ
The following equations have been used to obtain initial dimen-
sions of the slot which is optimized using HFSS:
Notch width, W1 is given by:
f r ¼
v0ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2 2eff
p
4:6 1014
W1
þ f
1:01
ð6Þ
where fr = Resonance frequency, and f = Operating frequency.
At f = fr, notch width W1 is given by:
W1 ¼ v0ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2 2eff
p
4:6 1014
f
ð7Þ
Fig. 6. (a) Schematic structure of hairpin bandpass filter (b) Simulation results for return loss, |S11| and insertion loss, |S21|.
Fig. 7. (a) Schematic structure of Microstrip slotted patch antenna (b) Fabricated prototype.
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slot antenna for 5.9 GHz ITS applications along with the fabricated
prototype. The substrate used is FR4 with dielectric constant of
er = 4.4, substrate width, h = 1.524-mm and loss tangent,
tand = 0.0025, respectively. As shown in Fig. 7, the proposed slot-
ted patch antenna has employed microstrip feed excitation [19].
The dimensions of the slotted patch antenna are given in Table 2.
The radiating element of the slotted microstrip patch antenna is
printed on the top of the substrate. The microstrip feed line has
the characteristics impedance of 50-X. The microstrip-line inset
feed is used as the feeding mechanism in the antenna design, as
shown in Fig. 7, for improving the reflection coefficient, i.e., |S11|.
The proposed antenna is giving a very good measured reflection
coefficient at the center frequency of dedicated ITS band at 5.9-Table 2
Dimensions of the proposed antenna.
Parameters Ws W1 Wc W
Values(mm) 36.6 2.42 2.46 4GHz and covering the complete allotted ITS bandwidth i.e. 5.85–
5.925 GHz (75 MHz). For the proposed antenna, the simulation
results for reflection coefficient matches well with the measured
results.
4.2. Characterization of antenna
Simulated and measured reflection co-efficient (|S11|, in dB) of
proposed antenna is shown in Fig. 8(a). Proposed antenna has
achieved a measured 10-dB bandwidth of 300 MHz (5.7–6.0 GHz)
including the allocated ITS frequency band (5.85–5.925 GHz).
One can infer from the measured results of the antenna that it is
radiating in the desired frequency range for ITS applications. Mea-
sured antenna gain is shown in Fig. 8(b). Maximum measuredf Ls Lf Lc R
.85 49.5 15.48 4.94 19.8
Fig. 8. (a) Simulation and measurement results for reflection coefficient (b) Measured antenna gain.
Fig. 9. Measured radiation pattern of the designed antenna (a) E-plane radiation pattern (b) H-plane radiation pattern.
Fig. 10. (a) Surface current distribution over the plane of the antenna (b) Simulated 3 D Polar Characteristics of antenna radiation pattern.
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Fig. 11. (a) Schematic structure of Filtenna (b) Fabricated prototype.
Table 3
Dimensions of the proposed Filtenna.
Parameters Ws Wf Ls Lf Lf1 Fw Fl Pw Pl
Values(mm) 50 1.55 19 12.2 2 2.55 6 14 16
Table 4
Comparison of the proposed filtenna with those available in literature.
References Frequency (GHz) S11 (dB) 10-dB bandwidth Gain (dBi) Type/nature of radiation pattern
Ref. [34] 5.8 <20 18% 3.3 Broadside Direction
Ref. [35] 14.4 10 2.63% 7.8 Omnidirectional
Ref.[37] SIW-CPW 45.25 <10 9.39% 5.27 End-fire
Ref.[37] SIW-RWG 45.25 10 8.28% 5.35 End-fire
Ref. [38] 3.1 <10 20% 2.8 Not available
Ref [40] UWB <10 14% 3.5 Omni Directional
Ref. [41] X-band <10 10.83% 1.0 Same as horn antenna
Ref [42] 2.0 <10 3.5% 2.0 End-fire
Proposed work 5.9 <20 17% 1.5 End-Fire radiator
Fig. 12. (a) Measurement result for reflection coefficient of Filtenna (b) Measured Filtenna gain.
1822 S. Tripathi et al. / Engineering Science and Technology, an International Journal 19 (2016) 1815–1825antenna gain is 5.7-dBi at 5.9-GHz. Measured far-field radiation
pattern (E-plane and H-plane) of the antenna at 5.9-GHz is shown
in Fig. 9 which is end fire type pattern. Fig. 10 shows the surface
current distribution over the plane of the antenna. Analysis of
the measurement data shows that the proposed antenna can be
used as a subsystem for the ITS vehicular applications.5. Design of filtenna
5.1. Geometry and design of Filtenna
Antenna and filters are crucial RF components used in wireless
systems. The combined response of antenna and filter is offered by
S. Tripathi et al. / Engineering Science and Technology, an International Journal 19 (2016) 1815–1825 1823filtering antenna or filtenna on the basis of hardware sharing, i.e.
sharing a single hardware. The geometry and fabricated prototype
of filtering antenna reported in this paper has been shown in
Fig. 11. A rectangular microstrip patch has been used as the radiat-
ing element for the implementation of Filtenna concept. Microstrip
feeding technique has been used for feeding electromagnetic sig-
nals to the antenna. Filtering function is incorporated into the
antenna by employing a hair-pin type bandpass filter structure
as shown in Fig. 11(a). The prototype has been realized in micro-
strip technology with Substrate thickness (H) = 0.508 mm,
єr = 3.0, tand = 0.003. Simulation of Filtenna has been carried outFig. 13. Measured radiation pattern of the designed Filtenna (a
Fig. 14. Simulated Far-Field radiatiusing CST microwave studio 2015. The dimension of Filtenna has
been given in Table 3. The synthesis process of the hair-pin res-
onator type band pass filter structure is already described in Sec-
tion 3 (ii). Comparison of this antenna with other reported works
available in open literature is shown in Table 4.
5.2. Characterization of Filtenna
Experimentally measured reflection co-efficient (|S11|, in dB) of
designed Filtenna is shown in Fig. 12(a). It has a measured 10-dB
bandwidth which is sufficient to cover ITS frequency band (5.85–) E-plane radiation pattern (b) H-plane radiation pattern.
on plot of Filtenna at 5.9-GHz.
1824 S. Tripathi et al. / Engineering Science and Technology, an International Journal 19 (2016) 1815–18255.925 GHz). Filtenna is rejecting the electromagnetic signals for the
frequencies which are outside of its operating frequency bands.
Measured gain of the proposed Filtenna is shown in Fig. 12(b). Max-
imum measured Filtenna gain obtained is 1.5-dBi at 5.9 GHz. Far-
field radiation pattern (E-plane and H-plane) of the proposed Fil-
tenna at 5.9-GHz is shown in Fig. 13, which is of end-fire type.
Fig. 14 shows the far-field radiationpattern of the designed Filtenna.6. Conclusions
RF subsystems such as adaptable band pass filter, antenna, and
Filtenna for GPS/ITS applications have been designed, simulated
and experimentally characterized. Two adaptable microstrip BPF
based on CSIR structure has been reported. By using the proposed
bandpass filters, both GPS frequencies (L1: 1575 MHz and L2:
1227 MHz) can be flexibly assigned for the desired performance.
Antenna and Filtenna are proposed for ITS applications (5.9-GHz).
The measured antenna gain is at least 5.7 dBi at 5.9 GHz. Filtenna
structure is proposed to help in reducing the cost and size of the
RF system by integrating two components into a single one. Mea-
surement analysis shows that the proposed ITS Antenna, GPS band-
pass filter and ITS Filtenna can act as microwave subsystems for
the ITS/GPS vehicular applications. The measured result of filtenna
has better than 20 dB of reflection coefficient. It is operating at
5.9 GHz with 17% of 10 dB RL (return loss) bandwidth. Filtenna
has end fire type radiation pattern with 1.5 dBi of filtenna gain.
An integrated multifunctional vehicle communication system can
be developed using our proposed subsystems. This multifunctional
systemwill be of reduced size and consume less power. As a part of
the future work, we have to develop an integrated vehicle commu-
nication system using our own customized subsystems for trans-
mitter and receiver module.References
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